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Co/Ag/Ge (1 1 1) ﬁlms show an in-plane anisotropy as deposited at 200K. The ferromagnetic inactive layers, formed
due to the intermixing of Co and Ge, can be efﬁciently reduced to zero thickness by introducing 6 monolayer (ML) Ag
as a buffer layer. For Co/3ML Ag/Ge (1 1 1) ﬁlms, the amount of Ag is not enough to separate Co and the Ge
substrate. This results in the formation of a 2-monolayer-thick nonferromagnetic Co–Ge compound layer and a rough
interface of the Co layer.
r 2004 Elsevier B.V. All rights reserved.
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tors with adsorbed transitional metal atoms are
interesting for both technological and fundamen-
tal reasons [1–8]. One of the reasons is connected
with the transition metal silicides in integrated-
circuit technology. Ge-contained systems have
received great interests in the past years since they
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/j.jmmm.2004.04.018the performance of Si-based devices because of the
high mobility, possible epitaxy of metal/germa-
nium growth, strained Si–Ge superlattices, etc. In
this article, we report on the magnetic properties
of ultrathin Co/Ag/Ge (1 1 1) ﬁlms grown at
200K, studied using the in situ surface magneto-
optic Kerr effect (SMOKE) technique. For the
room temperature deposition of cobalt on a Ge
surface, the formation of Co–Ge interfacial
compounds has been veriﬁed [7,8]. Ag was chosen
as a buffer layer between the Co overlayer and the
underlying Ge (1 1 1) substrate, since Ag and Co
are immiscible in the bulk phase diagram up to
600C [9]. The Ag/Ge (1 1 1) system follows the
Stranski–Krastanov growth mode with the Agd.
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structured layer [10].
Experiments were conducted in an ultrahigh
vacuum (UHV) chamber with a background
pressure of about 2 1010 Torr. The UHV
chamber was equipped with instruments for
SMOKE, low-energy electron diffraction (LEED),
Auger electron spectroscopy (AES), and X-ray
photoemission spectroscopy (XPS) measurements.
The various components were described in detail
elsewhere [3,11]. The Ge (1 1 1) surface was cleaned
with cycles of Ar+ ion bombardment and anneal-
ing treatments. The samples were cooled with a
slow rate of 2K/min after the annealing treatment
at 1100K. A well-ordered c(2 8) LEED pattern
of the Ge (1 1 1) surface was observed after this
procedure. The surface of the Ge crystal was
cleaned after each experiment while employing
cobalt overlayers. One monolayer (ML) of cobalt
is equal to 0.8 (A (=7.2 1014 atoms/cm2) for Co
growing on a Ge (1 1 1) surface. A He–Ne laser
with a wavelength of 632.8 nm was used as the
light source for the SMOKE measurements. The
magnetic ﬁeld was applied by a rotatable electro-
magnet in the UHV chamber.
Magnetization curves for x ML Co/6 ML Ag/
Ge (1 1 1) ultrathin ﬁlms grown at 200K are shown
in Fig. 1 as revealed by SMOKE technique. No
hysteresis occurs for 1.8ML Co layer and shows
that the ﬁlm is nonferromagnetic. For the ﬁlms
with 3.7, 13, and 20ML Co layer, magnetic
hysteresis behavior was observed on the long--1.0 0.0 1.0
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Fig. 1. Magnetization loops for x ML Co/6ML Ag/Ge (1 1 1)
ﬁlms on both the longitudinal and polar conﬁgurations as
deposited at 200K.itudinal conﬁguration. The Co/Ag/Ge (1 1 1) ﬁlms
are ferromagnetic with the easy axis of the
magnetization on the surface plane.
Remanent Kerr intensities versus Co thickness
for xML Co/6ML Ag/Ge (1 1 1) and xML Co/
3ML Ag/Ge (1 1 1) are shown in Fig. 2 as a
comparison. At the initial stage of Co deposition
on the surface of 6ML Ag/Ge (1 1 1), longitudinal
Kerr intensity is zero until the Co layer is thicker
than 3.7ML. Linear increases of the Kerr intensity
were observed for Co layer thicker than 7.4ML.
This behavior is similar to Co/Ge (1 1 1) system as
reported before [3]. The deviation of the data
points from a straight line for Co layer thinner
than 7.4ML is due to the lowered Curie tempera-
ture in ultrathin ﬁlms [12,13]. As a buffer layer,
6ML Ag are sufﬁcient to reduce the nonferro-
magnetic Co–Ge compound to zero thickness as
revealed by the zero intercept from straight-line
extrapolation of the Kerr intensity to zero signal.
For xML Co/3ML Ag/Ge (1 1 1) ﬁlms, the
behavior of the thickness dependence of the
remanent Kerr intensity is similar to xML Co/
6ML Ag/Ge (1 1 1) ﬁlms. However, the thickness
of the nonferromagnetic Co–Ge compound layer
is a nonzero value of about 2ML. This represents
that the Ge (1 1 1) surface is not completely
covered by 3ML Ag overlayer and pin holes form
at the interface. Subsequently, deposited Co atoms
have the opportunity to interact with the Ge (1 1 1)0 10 20 30
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Fig. 2. Remanent Kerr intensities versus Co thickness for
ultrathin Co/6ML Ag/Ge (1 1 1) (squares) and Co/3ML Ag/Ge
(1 1 1) (circles) ﬁlms grown at 200K on the longitudinal
conﬁguration. As a buffer layer, 6ML Ag are sufﬁcient to
reduce the interfacial Co–Ge compound to zero thickness.
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Fig. 3. Squareness (Mr/Ms) of magnetization curves versus Co
coverage for Co/Ag/Ge (1 1 1) ﬁlms.
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pound.
Fig. 3 shows the squareness (Mr/Ms) of magne-
tization curves versus Co coverage for Co/Ag/Ge
(1 1 1) ﬁlms. For xML Co/6ML Ag/Ge (1 1 1)
ﬁlms, the squareness increases from 0.85 to 0.99 as
the Co thickness increases from 3 to 27ML. The
squareness of a hysteresis loop is characteristic of
single-domain behavior, and a preferred easy axis
of the orientation of magnetization [13]. Films
approaching smooth, layer-by-layer growth usual-
ly exhibits square hysteresis loop. For xML Co/
3ML Ag/Ge (1 1 1) ﬁlms, smaller squareness
(B0.75) was observed for Co thickness between
6 and 27ML. Small squareness reﬂects that
clusters of different sizes form in the Co layer
and exhibits a larger roughness at the interface.
This is attributed to the inhomogeneous growth ofCo layer and the presence of pin holes at the
interface because of the incomplete Ag layer on the
Ge surface.
As a conclusion, Co/Ag/Ge (1 1 1) ﬁlms show an
in-plane anisotropy as deposited at 200K. As a
buffer layer in the Co/Ag/Ge (1 1 1) system, 6ML
Ag are sufﬁcient to reduce the nonferromagnetic
Co–Ge compound to zero thickness, while 3ML
Ag are not. This results in the inhomogeneous
growth of the subsequently deposited Co and the
small squareness of the magnetization loops for
Co/3ML Ag/Ge (1 1 1) ﬁlms.References
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